BACKGROUND" Differences in health literacy levels by race and education are widely hypothesized to contribute to health disparities, but there is little direct evidence.
METHODS

Study Sample
Patient enrollment and data collection, which were conducted by the Prudential Center for Healthcare Research (now the Emory Center on Health Outcomes and Quality}, have been described in detail previously. 4 Individuals newly enrolling in the Medicare managed care plans of Prudential Healthcare in 4 locations (Cleveland, OH; Houston, TX; South Florida, and Tampa, FL) between December 1996 and August 1997 were eligible to participate. New members were contacted 3 months after enrollment, and those meeting the eligibility criteria were asked to complete an in-person survey. To be included in the study, members had to be comfortable speaking either English or Spanish, living in the community, and possess adequate visual and cognitive function. Spanish-speaking patients were interviewed in Spanish. Of the 7,471 enrollees who were originally contacted, 3,247 refused to participate. The sample size for the analysis of differences by education level was 3,260. The sample size for the analysis for differences by race, which included only blacks and whites, was 2,850.
Data
Health literacy and selected demographic and health characteristics of the population were obtained from the baseline inperson survey. Health literacy was measured using the Short Test of Functional Health Literacy in Adults. s'a Based on their responses, subjects were classified as having either "adequate," "marginal," or "inadequate" health literacyfi The survey also included questions about respondents' demographics, socioeconomic status, chronic conditions ("Have you ever had..."), and health-related behaviors.
Our dependent variables, measures of health status and receipt of vaccination, were as follows: physical health SF-12, mental health SF-12, self-reported health status (fair or poor vs good, very good, or excellent), receipt of influenza vaccination, and receipt of pneumococcal vaccination. Survey questions on vaccination asked respondents whether they had ever received the vaccination. Independent variables were age {65 to 75, 75 to 84, 85+), gender, race/ethnicity (white, black, Spanish speaking, other), education ( < 8 years, 9 to 11 years, high school degree, some college, college degree), health literacy (inadequate, marginal, adequate), income ( < $10,000, 857 $10,000 to $25,000, >$25,000, no response), tobacco (never, former, current) and alcohol (none, light to moderate, heavy) consumption, and self-reported chronic health conditions. For purposes of studying the impact of health literacy on differences by education level, we dichotomized the education variable into 2 categories: high school degree and no high school degree.
Analysis
We assessed differences in independent variables between groups using ~2 tests. To determine the impact of health literacy on differences in the dependent variables by education and by race, we estimated 2 regression models for each dependent variable. The first included all of the independent variables listed above but omitted controls for health literacy; the second included controls for health literacy. We used ordinary least squares regression for continuous physical and mental SF-12 scores and logistic regression for the other dependent variables, which were dichotomous. Because individual regression coefficients are difficult to interpret, we re-stated results from the regression models in terms of regression-adjusted, or predicted, values. Regressionadjusted values for physical and mental SF-12 scores are on the original scale. Regression-adjusted values for the other dependent variables, which are categorical, are probabilities. For each regression and dependent variable, we computed 2 adjusted values per respondent. We obtained the first value by recoding the education variables to indicate that the respondent had less than a high school education (regardless of the respondent's true level of education) and leaving the other independent variables as is. For the second value, we recoded the education variables to indicate that the respondent completed high school. We averaged these values across the sample and computed the difference, yielding the "sample average treatment effect" of education. This procedure effectively nets out the impact of the observed covariates. By comparing the magnitude of the average difference across regression models (one without health literacy controls, the other with), we determined the degree to which differences by education were mediated by health literacy. Because results are stated on the original scale, they are easier to interpret. 7 We repeated this procedure for race, computing each outcome as if everyone in the sample was black and then as ff everyone in the sample was white. We used bootstrapping to determine the confidence intervals around the differences in regression-adjusted values, s Table 1 shows differences in health literacy, education, race, and other characteristics by education level (high school graduate vs not a high school graduate) and by race (white vs black). Differences in health literacy levels were substantial and significant (P<.001 in each case). For example, 78% of high school graduates, but only 40% of persons without high school degrees, had adequate health literacy. Table 2 displays results from the fully adjusted regression model for the sample used in our analysis of educational differences in health status and vaccination rates. For the sake of brevity, we display results only for regression models that included health literacy. Compared with persons with adequate health literacy, persons with inadequate health literacy had significantly worse health outcomes and were significantly less likely to receive influenza vaccine. The coefficient on marginal health literacy was statistically significant in the model for the physical SF-12 score, but only marginally significant or not significant in the other models. Having a high school degree was positively and significantly associated with physical and mental SF-12 scores {P=.013 and .004) and the likelihood that self-reported health was good or better (P< .001). It was not significantly associated with receipt of influenza and pneumococcal vaccines (P=. 117 and .206). Blacks were significantly less likely to report good or better health status compared with whites (P=.012) and were less likely to report receipt of influenza and pneumococcal vaccines (P<.001 and P<.001). Differences in SF-12 scores between blacks and whites were insignificant. Actual and regression-adjusted health status scores and vaccination rates are displayed in Tables 3 and 4 . The first column in Table 3 shows the unadjusted means of each dependent variable by education level. For dichotomous independent variables (for e.g., receipt of influenza vaccine), the mean is a proportion. The second column displays regression-adjusted values (or, equivalently, "predicted values") from a regression model that excluded controls for health literacy. The third column displays the regression-adjusted values from a regression model that included controls for health literacy.
RESULTS
The difference in regression-adjusted physical health SF-12 scores between high school graduates and nongraduates from the model that excluded health literacy controls was 1.7. The difference from the model that included health literacy controls was 1.0. Thus, controlling for health literacy decreased the adjusted difference by 0.7 (95% confidence interval [CI]: 0.4 to 0.9) or 41% (~0.7 ÷ 1.7). For the other dependent variables, controlling for health literacy decreased the estimated difference by approximately one-fourth, although the magnitude of the effect was small. For example, a model with health literacy controls predicted that the probability that a survey respondent with a high school degree received influenza vaccination was 0.799 (or about 80%) versus 0.762 for a respondent without a high school degree. The difference was 0.037 versus 0.027 for a model that omitted health literacy controls, a difference between models of 0,010 (95% CI: 0.001 to 0,020) or, equivalently, 1 percentage point. Table 4 displays the effect of controlling for health literacy on differences between blacks and whites. The difference in mean physical health SF-12 scores between whites and blacks was 1.3. This difference was entirely explained by the observed respondent characteristics; regression-adjusted physical SF-12 scores from the full model, which included health literacy, were actually higher for blacks than for whites. The difference in regression-adjusted values from the regression model that 
DISCUSSION
We found that health literacy explained a small fraction of the differences in health status and, to a lesser degree, receipt of vaccinations that would normally be attributed to educational attainment or race if literacy was not considered. Controlling for health literacy reduced adjusted differences by educational attainment in physical and mental health SF-12 scores by 25% to 41%, respectively. While there is no universally agreed upon standard for what constitutes a "clinically meaningful" difference, these differences fall below the thresholds for clinical significance commonly cited in the quality-of-life literature. 9' io The (unadjusted) difference that we observed in self-reported health status between high school graduates and enrollees without a high school degree was about the same as in the general population, but the difference by race was over twice as large. 11 Our results indicate that if health literacy levels were similar, differences in self-reported health status by education and by race would be about 20% to 25% lower.
Observed differences in receipt of influenza and pneumococcal vaccinations were generally in line with those reported elsewhere. 12']3 In contrast to the findings for self-reported health status, differences in health literacy did not appear to explain much if any of the differences in receipt of vaccinations. Our results should be interpreted cautiously as these data were drawn from a survey of managed care enrollees. it is not altogether surprising that controlling for health literacy reduces observed differences by educational attainment, literacy being a more direct measure of ability than years of schooling.
Our study has a number of limitations. First, the response rate to the survey was less than 60%. An analysis of nonresponders" ZIP codes, which were obtained from Prudential Healthcare's enrollment file, suggests that high school graduates and whites were overrepresented among nonresponders. 4
Second, the Short Test of Functional Health Literacy in Adults does not fully capture all dimensions of the concept of health literacy (for e.g., oral literacy). Third, health literacy measurements may also be correlated with unobserved variables, such as occupation and social class that, if included in regression models, might account for the effects attributed to literacy in our study. Fourth, external validity is limited by the fact that our study sample was comprised entirely of elderly Medicare managed care enrollees in the South and Midwest.
Practically, this research indicates that programs to improve health literacy have the potential to reduce health disparities, but probably only by a small to moderate amount.
That said, interventions to improve health system access among persons with low health literacy are probably inexpensive compared with larger, structural changes to the health system, and thus ought to be considered as part of an overall strategy to reduce disparities.
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